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BNB 

!
• 48% uptime. Total protons for the week =1.6E18 
• Smooth running on detector side, collected data when beam was up.  
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Neutrino rate reduction in beam-dump mode
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• Neutrinos from proton-air interactions. Not 
constrained by HARP, hence large systematic error 
in prediction.

Figure 11: Muon Neutrino+Antineutrino flux reduction in beam-dump mode relative to
normal neutrino mode as a function of neutrino energy.

determine the reconstructed CCQE muon neutrino rate reduction relative to neutrino mode:

Rate (events/POT)νmode

Rate (events/POT)beam−dumpmode
= 71± 6. (3)

The Monte Carlo flux reduction ratio is close to the measured rate reduction value.
However, slight differences are expected as the flux ratio does not include the effects of cross
sections and detection efficiency, which the rate measurement includes. Figure 12 shows the
reconstructed muon CCQE data overlayed on the Monte Carlo prediction. The agreement as
a function of neutrino energy is within statistics, which is important for constraining energy
dependent neutrino induced backgrounds. A final important point is that in beam-dump
mode the Monte Carlo predicted neutrino rate is 73% and the antineutrino rate 27% of the
total. We assume an error of 50% on the antineutrino contribution.

In the previous PAC 2012 proposal, we reported a suppression ratio of 42. The difference
from here is due to the horn being turned off for the fall 2013 beam-dump test run, while
the 2012 beam-dump test run had the horn turned on (for technical reasons). Beam spray
up-stream from the target and horn in the beam line components produce mesons that travel
down the beam pipe and focused by the horn. Monte Carlo studies confirm this scenario and
are consistent with the observe rate difference. Any mention in this proposal off beam-dump
mode implies horn-off, unless stated otherwise.

For sensitivity studies here we will assume beam-dump, horn off, and 50 m absorber
measured reduction rate of 71 with respect to neutrino mode. By deploying the 25 m
absorber, the flux reduction is increased by a further factor of two. This is to be expected
since all the neutrino production is from proton interactions in air within the 50 m decay
pipe. If we reduce the path length in air by a factor of two (50m/25m), then the neutrino
rate is reduced by the same factor. This extra neutrino reduction is important for improving
dark matter-nucleon scattering sensitivity for the same POT, and should be considered
for systematic checks if a signal is found, or for future potential beam-dump runs with
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• MC prediction (neutrino mode/beam dump) = 67!
     (large systematic errors) 

• Use data to infer the rate reduction
CCQE muon (neutrino mode/beam dump) = 44 +/- 3 
NC pi0’s (neutrino mode/beam dump)        = 47.5 +/- 10.3!
!
Kinematic distribution: Shape agrees, normalization 
different.

• Predict NCE rate based on other channels. Neutrino flux reduction in beam-dump mode relative 
to neutrino mode as a function of neutrino energy.
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Neutrino rate reduction in beam-dump mode

• Last week we showed the muon neutrino rate reduction in beam-
dump mode:CCQE muon (neutrino mode/beam dump) = 44 +/- 3 

!
• Perform same check for pi0’s:

Pi0$Mass$$

•  Nu$Data=$5.6E20$POT;$Nevents=$$17509$
•  BeamDump=$0.319E20POT;$Nevents=$21$
•  Ra<o$Pi0(NuHmode/BeamDump)=$47.5$+/,$10.3$$

3$

BeamDump$ Nu,mode$

Pi0$Mass$(MeV)$
• NC pi0’s (neutrino mode/beam dump) = 47.5 +/- 10.3!
!
• Stats low but rate reduction consistent with CCQE muon.
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Neutrino rate reduction in beam-dump mode
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Neutrino/POT/week in beam-dump mode

Shows of beam and detector stability



Summary
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Last week Total beam-dump run

Collected all protons while beam was ON 
!
Stable running at the detector. 
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